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Abstract

The present study of this thesis is focus on the seismic performance of a gusset
plate subjected to frame action in Buckling-Restrained Braced Frames (BRBF). In order
to test the stress concentration effects on gusset palte edges induced by frame action, an
equivalent sturt model was proposed to estimate the frame action forces on a gusset
plate, and a new design criteria by considering frame action and brace action
simultanesly was proposed.

In order to interpret the difference of each design methods, i.e. the AISC design
method, or the design method by considering frame action presented in this thesis, a
totally five full-scale, one story BRBF was tested to investigate the seismic performace
of gusset plates under frame action. Single gusset plates was used in Specimen 1 and 2,
dual gusset plates was used in Specimen 3 to 5, and edge stiffeners was applied on the
gusset plate edges in specimen 1 _and 3, so as to identify the contribution of edge
stiffeners on gusset plate edges. One‘of gusset plates in. five specimens was buckled
after test, which was designed using AISC methed,-and the others gusset plates, which
was designed using the theoretical formula presented from-this study, was all fine. From
the test observation, the edge of gusset Rlatey will suffer large stains by frame action,
but the applying of edge stiffeners can-;[;educe the maginitude of normal strains
effectively on the edge of gusset,plates, amii It sgems.true that single gusset plates will
suffer larger frame action compared with dualgussets.

Besides the test resuits;;nontinear FEM program ABAQUS was used to simulate
the responses of specimen. This‘stlidy. deseribes the detailed analytical model and the
modeling techniques, such as material‘'model, boundary conditions, initial imperfections.
The cyclic base shear versus the story drift relationships obtained from the test and
FEM analytical results are quite agreeable. The analytical result confirm that the
magnitude of frame action forces on a gusset plate can be accurately simulated. And
baed on the theortical formula presented in this thesis, the edge stresses can also be
accurately predicted when compared with FEM analytical results, so as to confirm the
proposed design method in this thesis.

Keyword : frame action, equivalent strut model, BRB, frame test, finite element analysis
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2 214K R4 A

Story | Height (m) | h,(m)  h¥(m) w,(kN) | wnh(kN-m) | F (kN) p,F,(KN)
3F 3.48 10.88 | 10.88 862 10735.2 163 227
2F 3.48 1.4 1.4 1054 8735.16 133 184
1F 3.92 3.92 392 1054 4463.82 68 94

Total 10.88 2970 23934.16 364 505

4022 BB R i A D kR
T C
P ﬁ:)ny _ P Pn max max
Story DCR = ) B wp P P
kN a ny ny
(KN) | (kN) y (kN) KN) | (KN)

3F 239 | 310 0.77 143 115 | 1.6445| 345 | 493 567
2F 406 | 447 091 . 5143 115 16445 497 | 711 817
1F 433 | 487 0.89 1437 115 16445 541 | 774 890

(Note: ¢=09)
b 2.3 £33 {J';léj,vﬁ; 4
Story ES!aSt'C Sijry ."tj 'dlters_tory -+ Drift Allowable
: tory 1. |Rringy oy : : :
Height . ift ' Ratio Drift Ratio
Story Drift | Ratio
hsx A AI:!AM 1 :9 1 : HM Ha
xe x 0 0
(m) (m) : (m)_ (%) (%) (%)
3F 3.48 0.0084 0.0420 0.24 1.20 2.00
2F 3.48 0.0098 0.0490 0.28 1.40 2.00
1F 3.92 0.0093 0.0465 0.24 1.20 2.00
24 H B RFI L e %7
A P L A A 2.0A €
StOf' y bx ysc bx bm bm BRB
Y lmyy kN m) m) | m) | (m) (%)
3F | 1000 | 172 | 4.0 | 0.0034  0.0170 | 0.034 | 0.85
2F 1440 | 292 | 4.0 | 0.0040 | 0.0200 | 0.040 1.00
1IF | 1568 | 312 | 4.2 | 0.0041 | 0.0205 | 0.041 | 0.98
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F. 2.5 4RI D

2 ghd $ET TR

Flange Web

Story Size DA2H] o | o | e Elastic | Ultimate
3rd

H305x100x7x11 45 (72| 44 | 60 0.7 0.28
Beam
2nd

H350x130x7x11 59|72 |51 | 54 0.9 0.47
Beam
Blst H450x200x10x16 | 63 |72 | 42 | 58 | 06 0.23
eam
Column | H356x256x15x22 [58.172 | 21 | 51 0.7 0.6

377 6.4P5RB Wil

(a) Dimension

(2).Specimen dimension‘andywveight

Chafinefsahgidface plate

Specimen no. Core Plate (mih) Restraining member I, (mMm4)
r
be (Mm) t; (mm) Ly(mm) - [ifl5q (%) 1c/1; (%) loon/1: (%)
1 112 14 8832 '\ | §12x85x4.5k§ .3 4 40 56 28839662
2&3 112 14 4400 TT2%85%A"5% 45 4 40 56 28839662
(b) Weight
. Steel core .
Specimen no. (ka) Side plate (kg) Face Plate (kg) Chanel (kg) Concrete (kg) Total (kg)
1 65 45 88 78 73 349
2 72 51 100 88 84 395
3 76 51 100 88 84 399
(b) Specimen Strength
Core Plate Restraining Member Bolt
Specimen o |
M
No. I:)ny I:)max,d I—W M p p
(kN) (kN) (mm) Pe Pe/Pny (kN_m) Pmaxyg/Pny (kN_m) Pmaxy|/Pny Nb CD Lb/LW
1 |54 |80 l131|1812] 3 | 75 20 | 18 | 88 | 44 |28 124
(1.65)
2&3 | 541 (f%%) 131 (1812 3.2 75 2.9 21 10.2 48 | 25| 1.47
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% 2.7

z
v

BREEFRM A BAE (Pnaa= 890 kN)

Proposed Design Method
AISC-LRFD
Item | With Edge Stiffener Without Edge Stiffener (K=1.2)
(K=0.65) (K=2.0) '
Specimen 1 3 5 4 5 2
No.
be (Mm) 272 353 272 353 553 272
Lc(mm) | 182.74 | 174.34 | 182.74 | 174.34 0 182.74
P (kN)| 1048 1644 614 1544 - 900
228 &bt B AR S0k Kttt 4 (Drift= 1%)
(&) GusSet-BeameEdge
Specimen | Fyn | Pors | Ngi'f @, | ANy [ Ot oo | iy o3 n | & | o
(kN) | (KN) 1(kN) | (kN) (kM)A | (kN |(VPa) || "(MPa) | (MPa) | (MPa) | (MPa) | (MPa)
1 750 | 730 | 430 |[615 ||-267:05826 | | 157 4| 160 | -35 | 42 | 38l | 385
2 750 | 730°£430 |66 ||-267 4826 | | 248 160 -35 42 427 | 385
3 807 | 730 [ 468 | 66l ||-2674=326 | 1150 150 -30 37 373 | 448
4~5 807 | 730 | 463 {*6611-267 14326 || 1263 " 150 -30 37 412 | 448
(b) Gusset-Column Edge
Specimen | Fgn | Pers | Ng | Qg | Ne¢ Qe o> 1 03 ) o oy
(kN) | (KN) | (kN) | (kN) | (kN) | (kN) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa)
1 750 | 730 | 430 | 615 | -211 | 228 | 180 151 -37 39 373 | 385
2 750 | 730 | 430 | 615 | -211 | 228 | 311 151 -37 39 422 | 385
3 807 | 730 | 463 | 661 | -211 | 228 | 150 140 -35 36 348 | 448
45 807 | 730 | 463 | 661 | -211 | 228 | 263 140 -35 36 400 | 448
# 2.9 SR EE
(@) Gusset
Member Gusset
Thickness 8 14
(mm)
Fy 448 385
(MPa)
Fu
(MPa) 514 525
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(b) Beam and Column

Member Beam Column
Location Web Flange Web Flange
Thickness 10 16 15 29
(mm)
FY
(MPa) 380 380 350 375
Fu
(MPa) 511 527 468 514
(c) BRB
Member BRB
Location Channel Face Plate Core Plate
Thickness 45 14 14
(mm)
Specimen 1-3 18k 1 5 3
No.
FY
(MPa) 278 990 _ 1390 375 380
Fu 72:'3" . ;
(MPa) 425 314 ;'#‘ R 8427 554 520
1l W
z2. W0 = 1@5(5@3}; mrﬂ,ﬁa@ B
Size 7 Day\(NIRa) 21l Day (MPa) 28 Day (MPa)
Scmx5cmx5¢em 378! 223 53.9
3200, Bk 4l P
Number
of 2 2 2 2 2 2 2 2
Cycle
Actuator +3.564 | +7.128 | +14.256 | +19.8 | +39.6 | +59.4 | +79.2 | +99
Displacement
mm mm mm mm mm mm mm mm
(mm)
Drift
Ratio 0.09 0.18 0.36 0.5 1.0 15 2.0 25
(%)
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3031 LGRMEA A 4

(@) Specimen 1

0.36% 0.5% 1% 1.5% 2%
Drift
+ - + - + - + - + -
Total Lateral | ., 707 | gg3 | _gg1 |1168|-1221| 1389 | -1555 |1520|-1795
Force (kN)
Lateral Force
of BRB (kN) 504 | -541 | 604 | -603 | 625 |-693| 667 | -789 | 690 |-920
Axial Force of
BRB (kN) 644 | -691 | 771 | -769 | 798 | -884 | 851 | -1006 | 881 |-1173
V-BRBIACtE [ 25 | 74 | 68 | 70 |54 |57 | a8 | 51 |45 51
(%)
B 1.1 10 11t 1.18 1.33
Y 1.04 0798 1.05 1.12 1.17
{b) Speerfmen 2
0.36% 0.5% 1%
Drift
o - + ¥ + -
Total Lateral
Force (kN) 780 | -498 | 1021 | -645 |1333]-930
Lateral Force
of BRB (kN) 593 | -304 | 720 | -406 | 756 | -397
Axial Force of
BRB (kN) 756 | -388 | 919 | -517 | 964 | -506
V-BRB/ActF
(%) 76 61 71 63 57 | 43
B 0.51 0.56 0.52
Y 0.64 0.63 0.70
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(c) Specimen 3

0.36% 0.5% 1% 1.5% 2%
Drift
+ - + - + | - | + -+ ] -
Total Laterall o9 | 660 | 730 | -823 |1066/-1163] 1324 | -1463 |1470|-1638
Force (kN)
Lateral Force
of BRB (kN) | 428 | 482 | 460 | -567 | 534 |-647| 608 | -708 [634|-765
Axial Force of
BRE (kN) | 546 | 614 | 587 | -727 | 681 (-826| 776 | 903 | 809 |-976
V-BRBIACtF [ oo | 73 | 63 | 69 |50 | 61 | 46 | 28 |43 | 47
(%)
B 1.13 1.23 128 1.16 1.21
v 1.07 i3 1409 1.10 1.11
(d) Spec'imen 4
0.36% 0.5% 1% 1.5% 2%
Drift
+ - - - Lab - |+ - |+ ] -
Total Lateral .o | 411 [ g35 | -506 [1132]-1032] 1362 | -1421 [1470]-1649
Force (kN)
Lateral Force
of BRB (kN) | 422 | 224 | 559 | -267 | 589 |-516| 564 | -564 [571-678
Axial Force of
BRE (kN) | 539 | 286 | 713 | -340 [ 751 |-658| 719 | -719 |728 | 865
V-BRBIACF | ao | 55 | 67 | 51 | 52|50 | 41 | 40 | 30| a1
(%)
B 0.53 0.48 0.88 1.0 1.19
v 0.66 0.63 0.91 1.04 1.11
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(e) Specimen 5

0.36% 0.5% 1% 1.5% 2%
Drift
+ ] + I S+ -
Total Laterall o053 | 44 | 757 | -783 |1067|-1130] 1437 | -1626 |1456]-1635
Force (kN)
Lateral Force
of BRB (kny | 470 | 498 | 529 | -569 | 610 |-687 | 609 | -719 | 628-773
Axial Force of
8RB (kN) | 599 | 636 | 674 | -726 | 778 |-876| 776 | -917 |801 |-086
V-BRBIACF| 2o | 77 | 70 | 73 |57 |61 | a2 | 44 | 43| 47
(%)
B 1.06 1.08 1.12 1.18 1.23
y 1.03 1.03 1.06 1.13 1.12
4 32 prades L) > i 4
(a) SPecimen 1
Drift 0.50% 1% 1.50% 2%
Vi (kN) 8 190 952 281
Voo (KN) 138 280 360 420
M (kN-m) | 0.3Mish. 0.7 Myl 0.95 M, Mo
Mcr (kN-m)|  0.3M,| 0.7 M, 0.92 M, M,
Fam (KN) 430 920 1200 1366
Pars (kN) 771 836 900 909

(My’b=6lo kN'm, Mp’b=703 kN'm, My’C=769 kN'm, Mpyc=885 kN'm)
(b) Specimen 2

Drift 0.50% 1%
Vp (KN) 120 220
Ve (KN) 136 265
My (kN-m) | 0.4 M| 0.84 My,
Mcr (kN-m) | 0.3 M, 0.66 My,
Fom (KN) 515 967
Pers (KN) 919 964
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(c) Specimen 3

Drift 0.50% 1% 1.50% 2%
Vp (KN) 111 237 321 356
Ve (KN) 124 287 404 470
My, (KN-m) 0.4 Mpp| 0.95Mpp| 1.2 Mpp 1.3 Mpp
M, (kN-m) | 0.31 M, 0.73 M, Mpe| 1.2 My
Fgm (KN) 505 1118 1542 1746
Pgrs (KN) 582 694 784 826
(d), Specimen 4
Drift 0.50% 1% 1.50% 2%
Vp (KN) 98 183 249 294
Ve (KN) il 258 337 393
My (KN-im) 0.4 Mppl 9.95Modl 0.95Mgul#1.1 My
M (KN-m)| ©.31 M| 03w, Mo M
Fgm (KN) 432 m 9% 1237 1450
Pers (KN) 110 = 731 712 714
(€)' Specimen5
Drift 0.50% 1% 1.50% 2%
Vb (KN) 98 204 275 318
Ve (KN) 122 264 368 442
My (KN-m) 0.35 Mpp| 0.78 My, Mool 1.2 Mpp
M (KN-m) | 0.31 M, 0.73 M, 0.94 M, 1.1 M,
Fgm (KN) 466 990 1360 1600
Pgre (KN) 666 783 794 819
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# 4.1 A572 Gr.50 4% 4 2= ABAQUS A it 2}%@%1 *dp % (FH-)

Material (Grade) A572 Gr.50
*Material, Name = Core Plate
*Elastic
203000, 0.3
. . : _ : _
Input Statement Plastic, Hardening = Combined, Data Type =
Parameters
390, 5000, 266
*Cyclic Hardening, Parameters
390, 50, 12
Isotropic Hardening Q=50 b=12
Parameters
Kinematic Hardening _ _
Parameters C=5000 y=266
Fo 4.2/ 2 ZER0ENER T & 47 i AR S (B i kN)
() Speciren 1
0.36% 0.5 1% 1.5% 2%
Drift 1
+ - + - = i I + - + -
TEST 701 | -727 | 883" -861 41168]-1221] 1389 | -1555 |1529|-1795
ABAQUS | 744 | -766 | 884 | <948 |1315|-1336| 1514 | -1554 |1586|-1631
Ratio 1.06 | 1.05 [ 1.00 | 1.10 |1.12|1.09] 1.09 | 1.00 |1.03| 1.09
(b) Specimen 2
0.36% 0.5% 1%
Drift
+ - + - + -
TEST 780 | -498 | 1021 | -645 |1333]-930
ABAQUS | 748 | -769 | 879 | -912 [1291}-1035
Ratio 1.04 | 154 1086 | 1.41 |0.97|1.11
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(c) Specimen 3

0.36% 0.5% 1% 1.5% 2%
Drift
+ - + - + - + - + -
TEST 619 | -662 | 730 | -823 |1066[-1163| 1324 | -1463 [1470|-1638
ABAQUS | 686 | -704 | 816 | -839 [1228]-1286| 1476 | -1518 |1492|-1558
Ratio 110] 106 {111 1.02 |1.15/1.10] 1.11 | 1.04 |1.01|0.95
(d) Specimen 4
0.36% 0.5% 1% 1.5% 2%
Drift
+ - + - + - + - + -
TEST 619 | -411 | 835 }.-526.}1132|-1032| 1362 | -1421 |1479]-1649
ABAQUS | 686 | -704 | 816 | -839 [12281-1286| 1476 | -1518 |1492|-1558
Ratio 1100 €0V 12 1597118 | h24% 48 | 1.7 |1.1]0.95
(e) Speb‘imen 5
0.36% 0.5% 1% 1.5% 2%
Drift
+ - - = + - + - + -
TEST 623 | -644 | 757 | -783 |1067|-1130| 1437 | -1626 [1456|-1635
ABAQUS | 680 | -686 | 818 | -819 [1235]-1254| 1464 | -1498 |1558|-1589
Ratio 1.09] 1.06 {1.08| 1.05 |1.15|1.11] 1.02 | 0.92 |1.07|0.97

3 43 L ERRRshYy A2 BT R (H #:kN/mm)

Ke 1| 2 [ 3] 4 |5
Test 49 | 44 | 44 | a1 | 43

ABAQUS | 52 | 52 | 48 | 48 | 47

Ratio (%) | 1.06 | 1.18 | 1.09 | 1.17 [1.09
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44 LFMERESFLAE

(@) Specimen 1

w4 (H #:kN-m)

Drift 0.50% 1.00% 1.50% 2%
TEST 35227 | 100438 | 186099 | 281955
ABAQUS| 37259 | 102870 | 195940 | 293033
Ratio 1.06 1.02 1.05 1.04
(b) Specimen 2
Drift 0.50% 1.00%
TEST 31845 96140
ABAQUS} 137317 .| 102930
Ratio 1.47 307
(€)._Specimen*3
Drift 0.50%0/ | ek 0T 1.50% 2%
TEST 35113 $=100858 || 185599 | 278955
ABAQUS| 187213 | 102858 || 195924 | 292913
Ratio 1.0 1.02 1:06 1.05
(d)~Specimen 4
Drift 0.50% 1.00% 1.50% 2%
TEST 31183 | 100544 | 186316 | 281533
ABAQUS| 37487 | 102162 | 195415 | 293438
Ratio 1.20 1.02 1.05 1.04
(e) Specimen 5
Drift 0.50% 1.00% 1.50% 2%
TEST 35758 | 100786 | 186785 | 281453
ABAQUS| 37456 | 102587 | 196456 | 293159
Ratio 1.05 1.02 1.05 1.04
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(@ virdx & (b) "L
B 2.1 Whitmore Section 27 L1 ~ Lp ~ L3 2 Lpyax T 7 B

L

Bl22A %2 BeéFRmeFREREFHAF ST LB [Tsaietal.(2004)]
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